Abstract. Fractional master equations containing fractional time derivatives of order 0 < ω ≤ 1 are introduced on the basis of a recent classification of time generators in ergodic theory. It is shown that fractional master equations are contained as a special case within the traditional theory of continuous time random walks. The corresponding waiting time density ψ(t) is obtained exactly as ψ(t) = (t ω
or whenever a dynamical system is restricted to subsets of measure zero of its state space [3] . where p( r, t) denotes the probability density to find the diffusing entity at the position r ∈ R d at time t if it was at the origin r = 0 at time t = 0. [ 
where the initial condition p( r, 0) = δ r0 has been incorporated.
[1.3.1.1] Diffusion in a d-dimensional euclidean space is contained in the fractional master equations (1.1) or (1.2) as the special case in which ω = 1 and w( r) is the discretized Laplacian on a d-dimensional regular lattice. [1.3.1.2] The integral form (1.2) suggests a relation with the well known theory of continuous time random walks [4, 5, 6, 7, 8, 9, 10] . [1.3.1.3] It is the purpose and objective of the present paper to show that there exists a precise and rigorous relation between the fractional master equation and the theory of continuous time random walks. [1.3.1.4] It will be shown that the fractional master equation describes a fractal time process [11, 10] . [1.3.1.5] Fractal time processes (see [10] for a review) are defined here as continuous time random walks whose waiting time density has an infinite first moment [12, 13, 14, 15, 16] . [5, 7, 8] . [1.3. 3.2] The basic equation of motion is the continous time random walk (CTRW) integral equation [16] 
[page 2, §0] describing a random walk in continous time without correlation between its spatial and temporal behaviour. [2.1.0.1] Here, as in (1.2), p( r, t) denotes the probability density to find the diffusing entity at the position r ∈ R d at time t if it started from the origin r = 0 at time t = 0. [2.1.0.2] λ( r) is the probability for a displacement r in each single step, and ψ(t) is the waiting time distribution giving the probability density for the time interval t between two consecutive steps. The function Φ(t) is the survival probability at the initial position which is related to the waiting time distribution through 
denote the Laplace transform of ψ(t) and
the Fourier transform of λ( r), which is also called the structure function of the random walk [5] . [2.1.1.3] Then the Fourier Laplace transform p( q, u) of the solution to (2.1) is given as [5, 7, 8, 16 ]
where Φ(u) is the Laplace transform of the survival probability. 
where C is a constant. [2.1.2.3] The last equality obtains because the left hand side of the first equality is q-independent while the right hand side is independent of u.
[2.1.3.1] From (2.7) it is seen that the fractional master equation characterized by the kernel w( r) and the order ω corresponds to a special class of space time decoupled continuous time random walks characterized by λ( r) and ψ(t). [2.1.3.2] This correspondence is given precisely as
and
with the same constant C appearing in both equations. 
the special result
and the general relation
valid for a, b > 0 have been employed. 
showing that ψ(t) behaves as [25] , and ψ(t) may thus be written alternatively as
Of course the result (2.17) can also be obtained more directly, but we have presented here a method using Mellin transforms because it remains applicable in cases where a direct inversion fails [23] . Figure 1 we display the function ψ(t; ω, C) for C = 1 and ω = 0.01, 0.1, 0.5, 0.9, 0.99 in a log-log plot. The fractional order ω of the time derivative in (1.1) is restricted to 0 < ω ≤ 1 as a result of the general theory [3] . [3.1.1.4] This and the behaviour of ψ(t) in figure 1 attributes special significance to the two limits ω → 1 and ω → 0. The curves for ω = 1.0 and ω = 0.01 have been labeled in the figure, the other curves interpolate between them. For ω = 1 the waiting time density is exponential ψ(t) = exp(−t) and for ω → 0 it approaches ψ(t) → 1/t.
[3.2.1.1] While this is interesting in itself an even more interesting aspect is that the corresponding waiting time density ψ(t) approaches the form ψ(t; ω → 0, 1) ∝ 1/t for which the normalization becomes logarithmically divergent. 
where the contour C runs from c − i∞ to c + i∞ separating the poles of Γ(
Empty products are interpreted as unity. [3.2.3.3] The integers m, n, P, Q satisfy 0 ≤ m ≤ Q and 0 ≤ n ≤ P . provided that B k (b j + l) = B j (b k + s) for j = k, 1 ≤ j, k ≤ m and l, s = 0, 1, ... [4.1.3.3] The H-function is a generalization of Meijers G-function and many of the known special functions are special cases of it.
